Hyperion data are always contaminated by serious vertical striping artefacts, which obscure the true radiation information in the images and reduce the accuracy of Hyperspectral images, therefore, the stripped columns must be corrected before performing further processing and quantitative analyses. This paper introduces the principle of moment matching method, emphasizes the analysis of the formative reason for "edge effect", and then proposes an improved approach to destripe Hyperion data. Two other methods for destriping have been introduced as well in this paper to compare with the proposed method from both visual effect and quantitative assessment. It turns out that the improved method based on moment matching could achieve the greatest effect for destriping Hyperion data.
Introduction
Hyperion data, as a representative type of hyperspectral data, has been extensively applied to many remote sensing fields, for instance, acquiring mineral alteration information and retrieving vegetation parameters. However, the data are always seriously contaminated by vertical striping artefacts, which are mainly caused by the inconsistent response of the detector elements in the array and thus output nonuniform signals [1] . The striping artefacts can obscure the true radiation information in the images, reduce the accuracy of hyperspectral images, and have serious effect for visual interpretation and further results based on spectral analyses. For these reasons, destriping has become an essential and fundamental preprocessing step in the procedure for applying Hyperion data [2] [3][4] [5] .
The Hyperion image used for the assessment of destriping methods in this paper was acquired on March 13, 2011 over the coastal areas of Sendai city, Japan, after the earthquake hitting Japan on March 11, 2011. The image of band 9 (437nm) was chosen as a sample to introduce those methods for destriping. The subset of the raw data investigated in this paper is displayed in Figure 1 . The pre-processing to the image before destriping is summarized in Figure 2 . As showed in Figure 1 (b), means of the columns have a dramatic change at two sides of the image (left from column 1 to 75, and right from column 165 to 256), while the change at middle part is smoother. This is very consistent with the stripes distribution in Figure 1 (a). We can get the conclusion that the intensity and frequency of the changes of means reflect how severe the stripes are. Therefore, smoothing the changes of means in a reasonable way could make an effective approach to destriping. 
Approaches to destriping for Hyperion images
Three different methods used in this paper for destriping are as follows: polynomial fitting [6] , moment matching [7] , and improved moment matching.
a. Polynomial Fitting (PF)
The main idea of PF is getting the statistic curve of the mean values of the 256 along-track image columns by way of polynomial fitting. First, the mean of each column of the stripped band is computed and then made to the corresponding curve, by which the stripped columns are showed. Then the optimum fitting curve is obtained by the method of cubic polynomial fitting. The difference between column means of original curve and fitted one is considered as stripped column deviation that ought to be corrected. Finally the DN value of each pixel in the spectral band should subtract the corresponding column deviation value in which it lies, and we can get the destripped image.
b. Moment Matching (MM)
Moment matching method is based on the assumptions that the image have to be sufficiently large, the distribution of all ground objects is homogeneous, and each detector element of the CCD array responds linearly to the level of incoming radiation in this situation. Ignoring the influence caused by noises, the pixel grey value can be expressed as a linearity of the sensor gain and offset and radiation of a detection unit. An uncontaminated column should be chosen from the band as a reference to correct stripped columns. The mean and standard deviation value of the whole band are treated as the reference because it is difficult and inaccurate to pick out a normal column from the band. Then the means of columns and standard deviations are stretched to the same reference, removing the stripe artefacts.
c. Improved Moment Matching (IMM)
As a matter of fact, MM is effective under the conditions that the image is quite large and the ground objects have uniform distribution, which are almost impossible to realize in real applications, otherwise it might lead to brightness discontinuity in the image, as is called "Edge effect" [8] . The essential reason is that different means and standard deviation values of columns are approximately equally adjusted, which distorts the brightness distribution of the whole image dramatically, as displayed in Figure 3 . The MM cannot well perform the intensity distribution of the image and for this reason an improved method is needed. We find that the mean curve of columns after one-dimensional low pass well manifests the brightness distribution of the original image, as conveyed in Figure 3 . Therefore, the shape of the mean curve of columns of low pass is kept as it is, and then adjusted to the mean curve of columns after moment matching. These concrete steps can be illustrated as follows:
Step 1 -The MM is used to destriping, and the means of columns are expressed as a vector M (i) (i = 1, 2, 3, …, I, indicating the column number). Then a desirable low pass filter is adopted to the original image, and L (i) represents the means of columns.
Step 2 -The relation of mean value between columns of low pass is extracted and then added to the means of columns of MM using the following formula:
where Step 3 -The deviation values between N (i) and L (i) are corrected from the pixels of MM image.
According to Figure 4 , it is clearly showed that the MM might brighten the dark regions and darken the bright regions; IMM will not change the brightness and have much better effect at avoiding "edge effect". 
Results and Analyses
Both visual effects and quantitative assessment are applied in this paper to compare these five approaches and to prove the superiorities of improved moment matching methods. Figure 5 It's obvious in Figure 5 that IMM has better destriping effect than PF and MM. There are still some residue stripes at lower part in the PF image. The brightness of local brighter regions and darker regions has been seriously changed in the MM image. Apparently, the IMM image produces better result than the other two methods at destriping and preserving the brightness of the whole band.
Many assessing indices of images, mean, standard deviation value, SNR, IQ (Image Quality), Shannon entropy, skewness, steepness, distortion of edge radiance (DER) and distortion of gain adjustment (DGA) [9] are applied in this paper to statistically evaluate the destriping results. Table 1 summarizes the assessment results of each method. These indices listed in Table 1 adequately prove that the IMM is most effective among all the methods used. The mean of this approach is closest to the original mean except MM. The standard deviation value and Shannon entropy value, greater than others, state that more details information are kept. Striping artefacts have been commendably removed in the IMM according to the greatest SNR and IQ value. The skewness and steepness of the IMM image are both less than other methods, meaning that the histogram is more symmetrical and the dynamic range of grayscale is wider. The radiation of the IMM image is more homogeneous because of the least distortion values of edge radiance and gain adjustment amount all.
To sum up, the improved moment matching is demonstrated to be more effective with higher accuracy, which agrees perfectly to the results of Visual Effect.
Summaries and Conclusions
Destriping is an essential pre-processing step in quantitative analyses procedure using Hyperion images. An improved approach based on moment matching is described in this paper for the removal of the striping artefacts in Hyperion data. Moment matching, the most commonly used destriping method, as analyzed in Section 2, causes "edge effect" that the brightness presents discontinuity for the entire image. The major reason is that the means of columns with different values are adjusted to the same reference. The proposed method is rather a post processing method for MM by recovering the brightness distribution of the original image. The brightness of low pass filter, which well represents the true radiation of the raw data, is used to be adjusted to that of the MM. Finally, the striping artefacts are extremely well removed.
Two other different approaches, polynomial fitting and moment matching have been applied to destriping in this paper. The comparison between these methods and improved moment matching goes in terms of visual effect and quantitative assessment in Section 3. The results illustrate that IMM is more preferable than other methods, both visually and statistically.
There are still some problems unsolved in this paper that should be the focuses of future researches. As for low pass filtering to the original image, it is difficult to automatically select the frequencies of stripes, which is realized manually in this paper. The IMM only considers the means of columns without standard deviation values, which are also greatly altered by MM. In addition, nine-index quantitative assessment used in this paper is a little complex, which ought to be simplified with less but reasonable indices.
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